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CLAIMS 

1. A system for realizing at least one channel of optical filtering, the system 
comprising: 

a. at least one Fouri e r transform plane; 

b. at l e ast one positiv e- definit e optical transfer function clement 

wherein optical filtering effects of non-positive - definite optical transfer functions 
arc realiz e d through use of at least one positiv e- d e finit e optical transf e r function 
clement outside th e Fouri e r transform plane. 

2. Th e syst e m of claim 1 wh e re only positiv e- definit e optical filtering elements are 
used to realize non - positiv e- definite optical transf e r functions. 

3. The system of claim 1 where at least one of the position and amplitude 
distribution of a positive - definite optical filtering element is determined through 
use of fractional Fourier transform methods. 

4. The syst e m of claim 1 where at least one of position and amplitude distribution of 
a positive - d e finite optical filtering clement is determined through use of Hermit e 
function expansions. 

5. The syst e m of claim 4 where approximations are used to determin e at least one of 
position or amplitude distribution of at least one optical filtering clement. 

6. Th e sy s t e m of claim 1 wh e r e at l e ast on e programmable light modulator is u se d 
as an optical filtering elem e nt. 
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7. The system of claim 6 where at l e ast one programmable light modulator is 
controlled by optical control signals. 

8. Th e syst e m of claim 1 where the system is used to optically perform g e neral 
computing functions. 

9. The system of claim 8 where general computing functions involve complex - 
valued arithmetic. 

10. The system of claim 1 wher e the optical system includes at least one of a lens, 
graded - ind e x optical m e dium, or gradcd - ind e x optical environment. 

11. Th e syst e m of claim 1 where the resulting optical processing syst e m is realized 
with integrated optics. 

12. The system of claim 11 where the r e sulting int e grated optics bas e d optical 
processing syst e m is realized monolithically. 

13. The system of claim 1 1 wher e th e r e sulting monolithic integrated optics bas e d 
optical processing system is fabricated by at least on e of photolithography or 
beam - controlled fabrication methods. 

14. A m e thod for realizing at least one channel of optical filtering, the method 
comprising: 

a. receiving image and/or vid e o data from at least one of a recorded or real - 
time image source; 

b. the existence of at least one Fouri e r transform plane; 
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c. determining at least one parameter relating to at l e ast one fractional Fourier 
transform operation; and 

d. determining at least on e parameter relating to at l e ast one of position and 
amplitude distribution of at least one positive - definite optical transfer 
function element 

wherein optical filtering e ffects of non - positiv e - definite optical transfer functions 
arc realized through us e of at least one positive - d e finit e optical transfer function 
clement outside the Fourier transform plan e . 

15. The method of claim 1 4 where only positive - definite optical filtering elements ar e 
used to realiz e non - positivc - definite optical transfer functions. 

16. The method of claim 1 4 where at least one of position and amplitude distribution 
of a positive - definite optical filtering elem e nt is d e termined through us e of 
fractional Fourier transform methods. 

17. The m e thod of claim 1 4 where at l e ast one of the position and amplitud e 
distribution of a positive - definite optical filtering clement is determined through 
use of Hcrmitc function expansions. 

18. The method of claim 27 where approximations ar e used to determine the position 
or amplitude distribution of at l e ast one optical filtering e lement. 

19. The method of claim 1 4 where at least one programmable light modulator is used 
as an optical filtering e lement. 

20. The method of claim 19 where at least one programmable light modulator is 
controlled by optical control signals. 
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21. The method of claim 1 4 where the method is used to optically perform general 
computing functions. 

22. The method of claim 21 wh e r e gen e ral computing functions involve complex 
valued arithmetic. 

23. The method of claim 1 4 where the optical syst e m includes at least on e of a l e ns, 
graded - index optical medium, or graded - index optical environment. 

24. The method of claim 1 4 wh e re the resulting optical processing method is realized 
with integrated optics. 

25. The method of claim 2 4 where the resulting integrated optics bas e d optical 
processing system is realized monolithically. 

26. The method of claim 2 4 where the resulting monolithic int e grat e d optics bas e d 
optical proc e ssing syst e m is fabricated by at least one of photolithography or 
beam - controlled fabrication methods. 

27. A syst e m for adjusting optical phase shift of an optical transf e r function, the 
system comprising: 

a. a controllable optical phas e shift transfer function clement with index of 
refraction of the clement is changed in response to a control signal. 

28. The controllable optical phase shift transf e r function clement of claim 27 
employed in a two - dimensional array for processing two - dimensional optical 
signals. 



— 31 — 



Redline Version of Substitute Specification 

29. A method for adjusting optical phase shift of an optical transfer function, the 
method comprising: 

a. a controllable optical phas e shift transf e r function clement with index of 
refraction of the element is changed in r e sponse to a control signal. 

30. The method of claim 29 e mployed in a two - dimensional array for proc e ssing two- 
dimensional optical signals. 

31. A system for adjusting optical phase shift of an optical transfer function, the 
system comprising: 

a. a controllable optical phase shift transfer function element with e ffective 
transmission distance of light transmitted through the element changeabl e in 
response to a control signal. 

32. Th e controllable optical phase shift transfer function element of claim 31 
employed in a two - dimensional array for processing two - dimensional optical 
signals. 

33. A method for adjusting optical phase shift of an optical transfer function, th e 
method compri s ing: 

a. a controllable optical phase shift transfer function clement with effective 
transmission distanc e of light transmitted through the elem e nt changeabl e in 
response to a control signal. 

34. Th e m e thod of claim ,33 employed in a two - dim e nsional array for processing two - 
dimensional optical signals. 
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35. A system for synthesizing optical Fractional Fouri e r transform op e rations on an 
optical signal, the system comprising: 

a. at least one controllable optical phas e shift transf e r function clement. 

36. Th e syst e m of claim 35 wh e r e at least two controllabl e optical phase shift transfer 
function el e m e nts arc stacked together. 

37. The system of claim 35 where the at least one controllable optical phase shift 
transfer function e l e m e nt is used to synthesize the effect of at least one of varying 
the focal length and varying the separation distanc e of a lens or syst e m of l e ns e s. 

38. The system of claim 35 used to realize at l e ast one of a l e ns focus eff e ct and/or 
lens zoom effect controllabl e by control signals. 

39. The system of claim 35 wh e re the system is used to optically perform g e neral 
computing functions. 

40. The system of claim 39 where the computing functions involve complex - valued 
arithmetic. 

41. A method for synthesizing optical Fractional Fourier transform operations on an 
optical signal, the method comprising: 

a. at least one controllable optical phas e shift transfer function element. 

42. The method of claim 4 1 where at least two controllable optical phase shift transfer 
function elem e nts arc stack e d together. 

43. The method of claim 4 1 where the at least one controllable optical phase shift 
transfer function clement is used to synthesize the effect of at least one of varying 
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the focal length of a lens and varying th e s e paration distance of a l e ns or system 
of l e nses. 

44. The method of claim 4 1 used to realize at least one of a lens focus eff e ct and/or 
lens zoom effect controllable by control signals. 

45. Th e method of claim 4 1 used to optically perform general computing functions. 

46. Th e method of claim 55 where the computing functions involve complex - valued 
arithmetic. 

47. A system for realizing at least one chann e l of optical filt e ring, the system 
comprising: 

i 

a. at least on e non - quadratic graded - index mat e rial; and 

b. on e controllable optical filt e ring clement. 

48. A syst e m for realizing at least one channel of optical filtering, the system 
comprising: 

a. at least one non - quadratic graded - index material; and 

b. on e controllable optical filtering clement. 
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ABSTRA €¥ 

[0020] The Fourier transforming properties of simple lenses and related optical 
elements is well known and heavily used in a branch of engineering known as "Fourier 
Optics." Classical Fourier Optics allows for r e latively easy, inexpensiv e , flexibl e signal 
processing of images by using l e nses or other means to take two - dimensional Fourier 
transforms of an optical wavefront and using a translucent plate or similar means in this 
location to introduce an optical transfer function operation on th e optical wavefront. The 
imag e processing possibilities hav e historically been limited to transfer functions that 
mathematically arc "positive - definite," i.e. those which affect only amplitude and do not 
introduce varying phase relationships. The method of this invention uses Fractional Fourier 
transform properties of lenses or other elements or optical environments to introduce one 
or more positive - definite optical transfer functions at various locations outside the Fourier 
plane so as to realize or closely approximate arbitrary non - positiv e- definite transfer 
functions. Designs can be straightforwardly obtained by methods of approximation. The 
invention provides for the application of th e se methods to cr e at e single and multiple 
channel controllable optical processors which may b e used for image or oth e r types of 
computation, including computation with complex valued arithmetic, visual color, and 
wide - spectrum optical signals. The methods can b e e xt e nded for other arrangements, such 
as phase - shifting filter elements and non - quadratic graded - index materials (which do not 
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naturally invok e the Fractional Fourier transform operation). Applications of the invention 
include integrated optics, optical computing systems, particl e b e am systems, radiation 
accelerators, astronomical observation methods, and controllabl e l e ns systems. 
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